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TNS WSION MATERIALS IRRADIATION TSST ?ACILI’TW

E. L. Kemp ●nd A. L. %ego+
Loo Alemos Scientific Laboratory
Accelerator Technology Division

Point Office Box 1663, ?4S 811

Introduction

In ●II of the fusion-resctor concepts being
considered, magnetic confinement or inertial confine-
ment, the wall ●djscent to the plaema mtat maintain
it. integrity for several year. under suotained
lHlaV neutron irradis?ion. Because no fusion
reactor ia ●vailoble in which candidate fi-et+all
mteriala can be ●valuated, ● ●lternative ~thod of
neutron generation swat be used. The Department of
Enargy Office of Fusion Energy, haa chosen ●

imethod to ●chieve the desired neutron erivironment
that uses a beam of 35-HeV deuterona hpinging on a
flowing lithium target. About five per cent of the

neutrons in the de!jterona are atripped off md

continue on through the target with an ●nergy of

●bout 14 MeV. The objective ia to make ● neutron

flux capable of irradiating oaterial$ to pro.=ted
●rid-of-life levels in about three yeara.

The Fusion Neterials Irradiation Teat (FNIT)
Facility, shown in Fig. 1, will consist of ● 35-MeV,
100+ linear ●ccelerator, a lithium system, two

lithium targets, two test cells md support areas,

●nd ●n ●ppropriate building complex. The facility

will be located on the Department of Energv Hanford
Reservation near Richland, Washington. The Hanford

Engineering Development Laboratory (IIEDL) is respon-
sible for overall management and direction of the
project, design and develo~ent of lithium, experi-

mental, ●nd control syateme, ●nd w;.11 operate the
facility. The Los Alamoa Scientific Laboratory

~k supported by the U. S. Department of Enerfty.

+Westinghouae/Hanford
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(LASL) ia reaponaible for dewlo~ent and design of
the ●ccelerator. The Ralph M. Paraons Com)any is the

Architect-Engineer ●nd the J. A. Jones Construction
Services Company ia the Conatructicm Coordinator.

Teat Cell ●nd Target

Because the facility’a function is to teat mete-
rials, the ●yatem’a description will besin at the
experimental ●rea. The experimental complex, shown

in Fig. Y, contains the two teat cello, neutron

●fielding, and service areas.

Figure 2 ahow~ the interior of one of the 8-ft by

5-ft by 6-ft-high test cells with the target assem-
bly, ● teat module, ahieldir.g plug, and two sl;.ding

●hie]ding blocks that can be moved to permit acceas
into the irradiation cell. Also ●vailable are w

atonitora, ● positioner, a remote manipulator system,

and Droviaione for ●ctive ●nd passive doaimetry. The

teet-cell complex will be co{

cooling nyatem.

The target, shown in Fig

produce a stable curtain of
by 4 cm high by 2 cm thick.

focused to a 1- by 3-cm spot
reeult of the deuterium-lith

led with a nitrogen gas

3, is designed to

iquid lithium 10 cm wide
The deuteron beam is

in the target, As a

urn stripping reaction,

●verage fluxes of 1.4 x 1015 n/cm2-a will be
created in a 10-cm3 volume adjacent to the target

back wall, and 2.2 x 1014 n/cm2-a, ●veraged over
0.5 liter, i~ediatelv behind the target. These flux

levels

●fford damage rates in material speci ens greater
!

than that of a first wall of ● 1 NW/m fusion
device in over 100 cm3 of volume. Accelerated

testing by ● a much aa a factor of 5 can be achieved
in specimens near the target back wall. The target
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Fig. 2. The teot-cell layout.
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?ig. 4. 310rizonta1 teat ●eeembly.

lithium system provides the flowing lithium curtain

●nd removes the 3.5-HW of heat that is continuously
generated by the deuteron beam stopping in the

target. The lithium design flow rate is 510 RPM.
Lithium enters the target at 220°C and leaves at
275°C.PLOWSTRAIGHTENER A full-scale, experimental lithium svstem
has been fabricated and is in th,? initiai etages of

operation at Hanford,

Tl,e Accelerator—.

T
The accelerator’s functirm in to produce a

DEUTERONllEAM—
tlmmA,%McVl

deuteron beam and transport it to the litt,ium

target. me ●ccelerator,2 like the reet of the
ny~tem, is being designed to operate with high

A reliability ●nd high availability becauae the
facility ia eaoentially a neutron factory that must
irradiate samplea continuously for several years.

Table X gives the accelerator’e specifications,
The unique feature of this ●ccelerator is its 100?

duty factor. A pulse of deuterona is produced in

UTMIUMFLOWEXIT
every cycle, generating s 3.5-HW beam, Over 5 MW of

rf pwer is required for thie accelerator.

Pig, 3. Lithium target ●asembly.

design hao been teeted oucceasfully with water

modclo. A prototype lithium target ia being
fabricated for teoting in a recently completed,

exper~ental lithium ●yatem.

The horizontal teat ●aoembly OITA~, shown in
Fig. 4, ir the initial vehicle that will be uced to
irradiate ● teat-specimen module. The ●odule will be

positioned directly behind the lithium target. The

KTA con-iota of ● shield plug that penetrate the
teot-cell wall, providing shielded instrument
petsetrationc, ● taot stalk that houaea ● NaK cooling
system to reject ● maximum of 2 klt &f experiment md
system heat, ●nd the teot-specimen module that is

comprised of three test-specimen chambera. The

TABLJ! I

PMIT ACCELERATOR SPECIFICATIONS

Particle

Duty factor
Frequency
output energies
Maximum baam current

Average ●nergy gain
Injector ●nergy
Low-beta ●ccelerator (RFQ)
Number of linac tanks

Number of drift tubeo
I.D. I{nac tmka
Len8th-linac trek.
Total length-accelerator
Total rf rower
Operating pre~oure

deuteronn

100%
80 MNz

20 UeV and 35 MSIV
100In4
1 HeV/m
100 keV

output 2 MeV
2

72
2.48 ●nd 2.40 m
32 m
4’.7 m

5.3 Uw

10-2 torr
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Fig. 5. Accelerator layout.

Figure 5 shows th~ layout of the entire accel-

erator. The system includes: the injector that

produces a continuous beam of 100-keV deuterons; the
radio-freqw.ncy quadrupo!e (RFQ) that captures the

beam, bunchss it, and accelerate it to 2 14eV: the
drift-tube Iinac that accelerates the beam to 35 MeV:

the energy diapersion cavity (EDC) that spreads the
energy from the linac; and finally the high-energy
beam transport system that transports and focuses the

beam onto eithe; target. The essentials of each
these subsystems will be described.

The Injertor

The injector~ generates a steady beam cf ions,
accelerate the beam to 100 keV, and transports it to

the RFQ structure. The injector, shown in Fig. 6,
now uses a cusp-field ion oource baeetl on a Culham

design.4 The source uaea a water-cooled, cylin-

drical anode with 30 ceramic bar magnets ●rranuerl

axially around the arode wall to generate ● periodic

cusp magnetic field inside the ●node. This field
prevents the electrons in the pla~a from going
directly to the ●node ●nd iacreaaes their li’etime in

the chamber, uhich significantly increaoe.a the effi-
ciency of the source. A single-gap, 100-kV ● xtractor
accrleratea the beam. The gaa efficiency of this
injector ia over 40% ●nd the filament life is
expected to ●xceed 350 h. A prototype model of the
injector haa produced ● 20()-MA hydrogen besm and alao
has opermted aatiefactorily with deuterium,

The Radio-Frequency Quadruple

The RFQ eerves IWO functions; it converts the

injector 100-keV dc beam into pulaea ●sitab]e for an
Alvarez-type linac ●nd it ●ccelerate the beam to

2 MeV, which ie ●n ●ppropriate energy for the firet
drift tube in the Iinac. The principle of the RPQ
was first developed by the Ruaainne.5 me eYatem,6

shown in ‘Fig. 7, focuses with electrostatic quadel]-

pole fields that are uniform along the beam channel.

Off-axis particles in a{, i, a structure ar: focused in

one plan- and defocused In the other, and vice versa,

on alternare rf cycles. This results in a strong
focusing system that transports a beam along the axis
without acceleraticm. Longitudinal accelcra:ion is
due to mechanical perturbations on the vanes. 7f the
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Fig, 6. Injector.
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Fig. 7. The IWQ ssrembly.

distance between ●lectrodes of cimilar polarity
varies periodically ●long the beam channel, a longi-
tudinal field results that will bunch end accelerate

the incoming beam.

The IASL ia engaged in a vigorous program to

develop the RFQ as the low-beta accelerator for the
YUIT. Cold models have shown that stable rf modes

exist in the etructure, and accelerating fields exist
on axis with controllable profiles. Mechanical

design ●nd fabrication methods ulso have been
developed for this complex structure. A particle-beam
proof-of-principal test, operating at 440 MHz, will

begin by 1980. A full-scale, 80-tOlz prototype system

is scheduled for testing in 1981.

The Drift-Tube Linac

The drift-tube Iinac, 7 shown in Fig. 8, accepts

the 2-MeV beam pulses from tt,e RFQ and accelerates

them to ●ither 20 Wv or 3$ MeV. The Iinac haa two
tank- with ● intertank spacer between them. The
.irat tsnk produces e 20-!!eV br-im that c.,n be trans-
ported through the unenergized oecond tank to the
target. ‘l’he FMIT in expected to operate at this

●nergy only ●bout 1% of tne time. The energized

second tank ●ccelerate the beam to 35 HeV. Two SIUK

tuners in ●ach tank maintain reeonance, and post
couplere in the tanks s-ablize the rf field.

The drift tubes, which ●re ●bout 60 cm in diam-
●ter, will be eupported on ● single stem that aleo
will carry the cooling water in ●n~ out of the drift
tubes. The drift tubes will be made of stainless

steel castings that ● re copper plateJ. The quadru-

ple magnet in each drif: tube will be wound with a
water-cwied copper conductor. The pole pieces and
yoke will be made from ordinary magnet iron.

A group of drift tubes will be auapendcd in the
tanl from a 10-ft-long girder. Thie will allow all

drift tubes on ● girder to be eligned before they are
installed in the tank. Final alignment will be done

by ●ligning the ●leven girderc in the tvo tanks.
With this girder 8ystem, no one has to ●nter the tank
for drift-tube installation and maintenance. i ch
would be impossible after operation has beg Mcsuse

of the radiation hazard.

The Energy Dispersion Cavitv

The EDC consists of a two-cell, rf cavity that

adds to and subtracts from the beam 750 keV so the
net energy is not changed. The EDC operates at an

unsynchronized frequency of about 85 ~z so the
normslly Gausaian energy distribution of the Iinsc is

converted to more of a rectangular distribution.

This energy apreud is necessary to distribute the
energy through the 2-cm thickness of the lithium
target to avoid boiling in the target.

Pig. 8. The drift-tube linac.
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The Righ-l!nerg y Beam Trsnsport (NEBT)

The NltBT,8 ●hotm in the layout in Fig. 5, is
designed to transport the 20-MeV or 35-UeV beam to

●ither of the two target celln and focus the beam to
● 1- by 3-cm spot on the lithium tsrget. It ●lso
will transport the beam to the beam stop during
accelerator tune-up. The first section of the NSBT
●xtends the periodic quedrupole system of the Iinac

●nd is u,ed for beam diagnostic. The wmeissder of
thst section metchea the beam into the first bending

magnet. The Iater#l displacement to the two cells is

●ccomplished by ● periodi: bending system of three
other bending magnets that ●re identical but raversed
for the opposite arm. The fimal magnet in ●ach ●rm

focuees the beam to ● spot on the target.

The Radio-Frequency System

The 80-Nllz FNIT rf system9 must cupply the
required 5.35 NW of continuous rf power to the accel-
● rater ●nd maintain the proper phase and xmplitude
required for etable operatim. Because the rf system
will be one of the leaet reliable parts in the accel-
erator, some redundancy is necessary. The first
linac tank will be driven by seven rf modules xnd the
oecond tank will be driven by six modules. If one

uodule in either tank fails, it can be isolated
quickly and the remaining modules can operate the
accelerator at full peer, whi!~’ staying within the

power racing of the module.

A module consiets of a low-pmer (1OO-W) stage
that in being designed by LASL, and a high-pwer
(600-kW) stage that ia being designed and built by
industry. The final output tube ia an F.INAC 8973
tetrode. This tube h.za operated aatiafactorily for
several hours at over 500 kW at 80 NHz. Screen grid
heating indicates that the tube can produce 600 kW.
In the ayatem, each module normally will operate at
slightly over 400 kW, Two modules will drive the Rmc/
ao the entire rf system will cofitain 15 modules.

The Prototype

A 5-MeV, 100+, cw ●ccelerator prototype system
WIII be built at LASL. It will contain a
prototypical injector system, an RFQ, a linac
containing the entire first girder of FMIT, and four
rf modules, as well as a control ayatem, vacuum
system, and much of the diagnostic that mat be
developed for this high-powered cw ●ccelerator. A
new building has been constructed to house the
prototype. The prototype injector will begin
operating in early 1980; the RFQ will be added in

1981, end the entire 5-PteV ●yatem will be operational
in 1982.

S-ary

A Fusion Materials Irra4i&t”on Test Facility is
being designed to be eonatructed ● t Hanford,

Wa hihgton. The ayatem ia designed to
$

~roduce about
10 ‘n/cm-s in a volume of -10 cc and 10 4 nlcm-a
in a volume of 500 cc. The lithium ●nd target
syateme ●re being developed and designed by HEDL
while the 35-t4eV, 100~ cw @cceXerator ia being
designed bv IASL. The accelerator components will be
fabricated by U. S. industry.

The total ●stimated cost of the FNIT is $105
million. The facility ia scheduled to begin
operation in September 1984.
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